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LASER TECHNOLOGY. INC.

7399 South Tucson \y T OMIMAGTMT Y BRA KL
Garden Level B
Engl ewood, Col orado 80112 TUAE TR OEM G 3L

Tel: (303) 649-1000 .Fax: (303) 649-9710

February 2, 1993

M. Jerome E. Dennis, Chief

Li ght Products Branch

HFZ- 312

Center for Devices and Radiol ogical Health
1390 Piccard Drive

Rockville, WMD 20750

Dear M. Dennis,

| amwiting in response to your |etter dated Septenber 23rd 1992, in which
you nentioned the proposed changes to the Federal Performance Standard for
Laser Products. The proposed changes woul d require surveying equi pnment to use
a 10°'S neasurenent time period, as well as the repetitive pulse reduction
factor. This would nmandate a reduction of output power by a factor of 33.4
for LTI's |aser products. Such a large reduction would render the technol ogy
useless. | feel quite strongly that the current specification provides a nore
than adequate safety margin for the type of lasers that LTl produces and have
enclosed a brief analysis in support of this contention. The analysis
conpares the actual retinal energy densitY produced by LTI's |aser products
with laser damage threshold data, as well as estimating the instantaneous
tenperature rise for each pulse. (The laser damage threshold data was
supplied by Dr. FErnst Sutter during a recent visit to the PTB in

Braunschweig, Germany.)

The use of pulsed lasers for surveying is a fairly recent innovation that has
great potential to inprove speed and efficiency of data caollection, for a
wi de range of applications. For exanple, the U'S. Forest Service recently
conducted extensive field trials of the LTI Criterion 400 survey |aser. They
found that the instrument allowed tinber cruising and traversing tasks

to be conpleted 2 to 3 tines faster than with conventional nethods, with a
much hi gher degree of accuracy. This is particularly inportant because the
pl anned tinber harvest has increased to nearly 6 Billion board feet ($1.8
Billion), at the sanme tine as Forest Service operating budgets have been cut.

| agree that the standards nmust be set to ensure product safety. | also agree
that bringing the U S. standards closer to international standards nakes a
| ot of sense. However, setting unnecessarily stringent standards not only

makes it difficult for conpanies such as LTI to do business, but also will be
to the detrinent of the US. econony.

Sincerely,

SCO_e

Jereny Dunne _ _
Vi ce President of Engineering
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ANALYSI S OF EYE SAFETY MARG NS FOR THE LTI 20-20
AND CRI TERION SERIES LASER TRANSM TTERS

The follow ng analysis derives the margin of safety for the LTI 20-

20 and CRITERION series instrunents under 3 conditions. First,

viewing with the unaided eye. Second, view ng through a 50mMm
aperture telescope with the whole optical system diffraction
limted. Third, viewng through a diffraction [imted 50 nm
tel escope with the actual transmt |ens assenbly used in the LTI

I nstruments.

1) Conditions and assunptions

a. Figure 1. shows the dependence of retinal l[esion threshold on
i mage size for several different wavel engths and exposure
durations. The data for 15nS and 1064nM provi des the best
approximation to the output of the LTI |asers. The data for
15nS and 1064nM confornms to the follow ng power |aw

Retinal Radiant Exposure (RRE) = 260 * (dia.)®%% J/cnt

Since the maxi mum al | owabl e exposure is |ess for shorter
wavel engths, the retinal radiant exposure value should be

reduced by the ratio of the k, factors for 1064nM and 904nM:

reduction = 10€(904-7003/515) , 1 ((1064-700)/515)
= 0. 490

so the value used for retinal radiant exposure at the |esion
threshold is:

RRE = 127 * (dia.)™®%% J/cnt

b. Since the retinal radiant exposure at the lesion threshold is
inversely proportional to image dianeter, the total retinal
I mage area of the laser diode inmage is used to cal culate
safety margins. Considering the laser diode image as 3

separate stripes would give a larger safety margin.

C. There is some disagreement as to the smallest retinal imge
size for near infrared radiation with the eye fully dilated.
The nost conservative value appears to be approximately 10
m crons (IEc825 anmendnent 1 1990-08, appendi x B2.1) , so this
value is used in this analysis.

d. Since the retinal image of the laser diode is magnified in
proportion to the power of the view ng telescope, the view ng
tel escope is the worst case condition where a 50mm beam is
concentrated to a 7nm beam



e. The retinal absorption of the infrared radiation produced by
the LTI instruments is probably distributed anong several
| ayers in the retina. However, or a worst case tenperature

rise calculation, the absorption zone will be considered to be
the same thickness as the mninum imge size.

£. For calcul ation purposes, the effective focal |ength of the
eye is assuned to be 20nm

0" Table 1. shows the relevant specifications for the LTI 20-20
and CRITERION series |aser transmtters ( U S. nodels )

2) Viewng with the unaided eye

For viewing along the optical axis of the laser transmtter
with the unaided eye, the transmtter lens is close to diffraction
limted. So the image height on the retina is sinply the source
length of the emtting diode multiplied by the ratio of the eye's
focal length to that of the transmtter |ens:

retinal image height = 230uM * 20/87
= 52. 9uM

|f the mnimumimge size is 10uM then the actual retina
i mge of the laser diode stripe would approximate to a rectangul ar
stripe of dinensions 10um by e6ouM. Since there are 3 stripes in the
| aser diode, the total inage area is:

retinal image area = 3 * 10um * 60um
= 1800um?

a. Safety margin

The retinal inmage has the sane total area as a circle of
di aneter 47.9uM Putting this dianeter into the fornula for
the retinal radiant exposure at the lesion threshold gives:

RRE = 127 * (47.9)-0.903
= 3.86 J/cnf

so the total epergy at the lesion threshold, for a retinal
i mge of 1800uM® i s given by:

Pulse Energy = 3.86 * 1800 * 10°

= 69uJ

The maxi num pul se energy through a 7nm aperture, neasured at
20cms, for the LTI laser transmitter is 20nJ. Sothe exposure
fromthe LTI lasers is 2.9 * 1°0f the energy at the lesion
t hreshol d.



b. Tenmperature rise

|f the absorption zone is assumed to be 10uM thick, then the
irradiated volunme is:

2 %
= 1800uM 10
= 1.8 % 108 CI%I-‘JJ\A

vol ume

The specific heat capacity of water is 4.2 J/gin/K and the

density is 1 gm/cm® so the tenperature rise of the irradiated
vol ume is:

tenperature rise = (pulse energy) / (1.8 * 10!°* 1 * 4.2)
v = (pul se energy) * 1.32 * 10K/ J

Since the maxi mum energy through a 7mm aperture is 20nJ, the
actual tenperature rise is 0.26°C

3) Viewing through a somm-7mm tel escope diffraction limted from
source to retina.

Figure 2. shows the conplete optical system for view ng
through the worst case tel escope configuration. In order to make
the optical systemdiffraction limted fromthe diode source to the
observer’'s retina, the transmt |ens has been replaced by a
diffraction limted piano-aspheric element. The observer's eye is
modelled by an aspheric elenent with an effective focal |ength of
2 0m

The retinal exposure described in this section is extremely
unlikely to happen in practice because the actual LTI transmt |ens
has a significant amount of optical aberration. In fact, the onl
way that diffraction limted exposure could happen woul d be i
sonmeone were to design a telescope that specifically conpensated
for the aberrations in the transmt lens. Such a tel escope would
not be suitable for normal use.

Figure 3. shows the result of a randomray trace through the
optical systemat full aperture. The height of the image is in
close agreenent with the expected image height, based on the
magni fication of the tel escope. The narrow width of the inmage shows
that the optical system has negligible aberrations. Using the
mnimum retinal imge size of 10uM the total image area is:

3 * 10um * 390um

retinal image area
11, 700um?

I



a. Safety margin

The retinal inmage has the sane total area as a circle of
diameter 122uM. Putting this dianmeter into the fornula for the
retinal radiant exposure at the lesion threshold gives:

so the total energy at the lesion threshold, for a retinal
i mage of 11,700uM? i's given by:

Pul se Energy = 1.66 * 11,700 * 10°
= 194uJ

The maxi mum pul se energy through a 50mm aperture, for the LTI
| aser transmtter is 416nJ. So the exposure fromthe LTI
lasers is 2.1 * 10° of the energy at the lesion threshold.

b. Tenperature rise

If the absorption zone is assuned to be 10uM thick, then the
irradiated volune is:

vol une = 11,700uM® * 10uM
= 1.17 * 107 cm

The tenperature rise of the irradiated volune is:

(pul se energy) / (1.17 * 10°"* 1 * 4.2)

tenperature rise
(pul se energy) * 2.04 * 10° K/J

Since the maxi num energy through a 50nm aperture is 41é6nJ, the
actual tenperature rise is 0.85°C

4) Viewing through a 50mm 7mm tel escope with diffraction [imted
tel escope and LTI laser transmt |ens.

Figure 4. shows the sane optical systemas in figure 3. but
with the actual LTI transmit lens instead of the diffraction
limted lens. Both the tel escope and the observer’s eye remain
diffraction limted.

Figure 5. shows the result of a randomray trace through the
optical systemat full aperture. (The horizontal scale is 8 tines
the horizontal scale of figure 3.) The focal plane is at the
position of maximum image intensity. The effects of the optica
aberration in the transmt lens assenbly are clearly apparent, wth
a significant proportion of the energy contained in a diffuse halo.
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Figure 6. shows the sane view as figure 5., with the

hori zontal scale expanded 4 tines. The central |nage area is

ﬁprOX|nateI 350uM by 24uM Al so, by inspection, |ess than 30% of

e energy lies in the central inmage area. The total retinal i mage
area of concern is:

3 * 24um* 350um

retinal image area
25,200 unt

a. Safety margin

The retinal image has the sane total area as a circle of
di ameter 179uM. Putting this diameter into the fornula for the
retinal radiant exposure at the lesion threshold gives:
RRE 127 * a4 } -0.903
1.17 J/cm

So the total eneL?y at the lesion threshold, for a retina
i mage of 25,200uMis given by:

1.17 * 25,200 * 10°

Pul se Energy
295uJ

The maxi mum pul se energy concentrated in the central |na%e
area is 125nJ, so the exposure fromthe LTI laser is 4.2 * 1
of the energy at the lesion threshold.

b. Tenperature rise

|f the absorption zone is assumed to be 10uM thick, then the
irradiated volune is:

vol une = 25, ZOOuM* 10uM
= 2. 52 * 107 cm

The tenperature rise of the irradiated volume is:

(pul se energy) / (2.52 * 10''* 1 * 4.2)

tenperature rise
(pul se energy) * 9.45 * 10° K/ J

Since the maxi mumenergy in the central inmage area is 125nJ,
the actual tenperature rise is 0.12°c. Note that this is | ess
than half of the tenperature that occurs when viewing with the
unai ded eye.



5) Concl usi ons

Under all normal viewing conditions, with or wthout
magni fication, the LTI laser transmtters have a huge nargin of
safety; approximtely 1/2400 of the known damage threshold, or
less. Also the maxinmumretinal tenperature rise is only 1/4°, or
less. Even under the nost unrealistic viewng conditions, the
safety margin is still 1/460 of the known danage threshold and the
maxi mum retinal tenperature rise is less than 1°.

These large safety margins woul d indicate that a reduction of
out put power by a factor of 33.4 is unnecessary. (As would be
required by a neasurenment tinme of 10°S, with a 50mm aperture and
the N'"* repetitive pulse reduction factor.)

The retinal tenperature rise is too small to cause any danage.
Also the thernmal tinme constant for the very small irradiated zone
is less than InS. So at the PRF of the LTI |asers, there is no
significant cunulative tenperature rise. |f there is no damage
mechani sm and no cunul ative effects, then there is no need for a
repetitive pulse reduction factor.



LTI 20-20 AND CRITERI ON SERI ES LASER TRANSM TTERS
U S. SPECI FI CATI ONS

Di ode type

Stripe geonetry

Em ssion area, tota

Di ode wavel ength

TX lens exit aperture

TX I ens focal |ength

Exit beam divergence

Pul se repetiton frequency
Average total TX power
Single pul se energy

Pul se duration

Peak pul se power

Max. average power, 7 mm

Single pulse energy, 7 nm

GaAs 3 |ayer stack

8 uM by 230 uM

200 uM by 230 UM

904 nM

48.6 mm

87 mm

3.5 nrad ( full cone angle )

125 Hz

52 UW ( 50 nm neasuring aperture )
416 nJ

12 ns

34.7 w

2.5 UW( at 20 cnms from TX lens )
20 nJ ( at 20 cms from TX |l ens )

Tabl e 1.
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